7 ing a body of water with suitable prey on which to feed while also avoiding predators.
To gain a better understanding of survival for extended periods by vagrant Long-billed Murrelets, inland or at sea, we compiled (1) observations of foraging, prey capture, and prey taken by vagrants; (2) information on body condition of birds found dead or living when first encountered; and (3) data on length of stay and, hence, survival of birds that were alive when initially encountered. We assessed the potential for survival and successive movements of vagrants that might explain occur rence of some individuals along the east coast of North America. We also consider the possibility of long-term survival and establishment of a new breeding population on the west coast of North America.
Methods

Records of vagrants
In North America, observers now distinguish between the Long-billed Murrelet and the resident Marbled Murrelet of the west coast on the basis of differences in plumage (some differences are subtle, particularly in the fall and early winter) and the larger size of the Long-billed Murrelet (e.g., Sibley 1993; Erickson et al. 1995; Mlodinow 1997; Lethaby 2000; Maumary and Knaus 2000; Thompson et al. 2003; Svingen 2009 ). In one case, the identity of a Longbilled Murrelet, salvaged in New Mexico, was confirmed by molecular analysis (Witt et al. 2010) . For this paper, we examined reports of Long-billed Murrelets in North America through 2009 (Svingen 2009 ) from the west and east coasts and the interior of North America.
We compiled information on use of marine and freshwater habitats by vagrant Long-billed Murrelets from (1) published accounts of occurrences in North America (see summaries and literature cited in Sealy et al. 1982 Sealy et al. , 1991 Mlodinow 1997; Svingen 2009 ); (2) persons who originally observed and/or salvaged specimens; and (3) managers of collections with specimens of Long-billed Murrelet. Data from records with insufficient documentation and records from the Bering Sea, the Aleutian Islands, and Europe were not included in our compilation (Mlodinow 1997; Maumary and Knaus 2000; Hopkins et al. 2006; Svingen 2009 ). Museums from which information referred to in this paper was obtained are listed in the acknowledgements and in Tables 2 and 3 . Minimum straight-line distances of travel were determined using Google Maps.
Body condition and length of stay
Data on sex, age, mass, and body condition were derived from information in published reports of occurrences and from labels on specimens and information in museum catalogues. Ages were reported as (1) "adults" (after-hatching-year (AHY) birds), or (2) "juveniles" (hatching-year (HY) birds). We hypothesized that individuals found dead were exhausted after a long flight and were too emaciated to exploit prey, even if available, and therefore would weigh less. By contrast, birds that were shot apparently were healthy enough to feed after finding water and had thus regained lost mass; these birds were expected to weigh more. Body mass (nearest 0.1 g in most cases) was usually measured after birds had been frozen, in some cases for weeks or more. We compared body mass of Long-billed Murrelet vagrants to Long-billed Murrelets weighed in Russia (Konyukhov and Kitaysky 1995) .
The date of arrival of a Long-billed Murrelet at a particular location was usually uncertain, as it is for many vagrants (e.g., Armistead and Iliff 2003) . Because we did not know how long individuals had been present at their original sites before disappearing, the length of stay was recorded as a minimum number of days. For example, we considered a Long-billed Murrelet first observed on day one but gone the next or, in some cases, if no further observations were made, to have spent a minimum of two days at that location (the bird likely was present for at least 12-24 hours before the first observation and for at least another 12-24 hours before departing, without being observed the next day, and so on). Vagrants probably did not spend fewer than 24 hours at one location, un less they were disturbed or they died.
Foraging on fresh water and prey consumed
Using the literature and museum specimens, we summarized details of observations of vagrant Longbilled Murrelets foraging on fresh water and at sea and, when available, included information on prey removed from digestive tracts (hereafter "stomachs"). We accepted authors' descriptions of the following behaviour as evidence of foraging and/or feeding: (1) diving, often repeatedly, which some authors interpreted as feeding (some also construed from this activity that the bird was in good condition), and (2) birds surfacing with and swallowing a fish. Prey items removed from stomachs of birds found dead or shot by hunters provided further evidence of feeding.
Results
Records of vagrants
Excluding two early coastal records from Alaska, in 1845 and 1897 (Mlodinow 1997 ; also see Svingen 2009), the Long-billed Murrelet was not reported in North America until 1979, when an adult was shot by a hunter in southern Quebec (Sealy et al. 1982 (Sealy et al. , 1991 . Eighty-one records in North America (south of Alaska) were available from 1979 through 2009 (20 specimens and 61 sightings; Table 1 ).
Thirty-eight live individuals (62.3%) were discovered at sea along the west coast of North America, from Washington (~48° N) to California (~38° N); 18 (29.5%) were encountered inland and 5 (8.2%) were found along the Atlantic coast from Newfoundland and Labrador (~48° N) to Florida (~27° N). One of the 5 specimens salvaged at sea was from California, and the other 4 were from Florida (Tables 1 and 2 ). Fifteen of 20 specimens (75.0%) were salvaged inland, most on lake shores (Table 1) ; most of these 20 (85.0%) were dead when salvaged (15 found dead, 2 shot) and the other 3 (15.0%) were moribund (2 died within one day, 1 was later released). These 20 specimens were aged as follows: 95.0% were adults and 1 (5.0%) was a juvenile (12 of these specimens are included in Table 2 ). Five of 10 individuals sexed were adult males, 4 were adult females, and 1 was a juvenile female (all sexed specimens are included in Table 2 ).
Body condition and length of stay
Mass of 8 vagrants found dead (n = 7) or found alive but died the next day (n = 1) averaged 193.7 g (SD 20.6, range 154.2-217.8) ( Table 2 ). Seven were adults; the single juvenile weighed 207.2 g, near the upper end of the range of body mass for adult vagrants. All masses were below the mean of Long-billed Murrelets reported from Russia-295.8 g (range 258-357) (sample size and season unknown) (Konyukhov and Kitaysky 1995) . Authors variously described vagrants found dead as emaciated with no subcutaneous fat, with empty and shrivelled (flaccid) digestive tracts, and with relatively low body weights (Table 2) . We assumed dead birds found on lake shores were too emaciated to be able to feed after arrival. Most grounded Longbilled Murrelets also probably soon died, regardless of condition; however, one grounded bird was rescued and released to fresh water. Two adults shot in November weighed 285.9 g with "… considerable subcutaneous fat" (Canadian Museum of Nature 69845; Sealy et al. 1982: 779) and 303.8 g (Smithsonian National Museum of Natural History 582506 ; Mumford 1982: 191) . These values are 68.1 g and 86.0 g more than the heaviest bird found dead (217.8 g; Table 2 ), respectively. These individuals had fed before being shot (Table 2) and may have survived inland for many days or weeks. Many individuals encountered inland apparently attempted to forage before moving on after the observation was made.
The most frequent minimum length of stay was 2 days (72.1%; n = 61 records), equivalent to a "one-daybird" of Fraser (1997: 100) . Most individuals were gone the day following first observation, having moved either to another part of the same body of water or elsewhere. Some individuals (9.8%) stayed for at least 3 or 4 days, and the longest minimum stay was 25 days. Some vagrants that moved on apparently were observed elsewhere, i.e., were observed more than once. For example, a bird observed in coastal South Carolina on 19 November 1994 was gone the next day (Davis 1995) , but three weeks later (9-11 December) an individual with similar plumage was photographed on a reservoir about 250 km directly north, in North Carolina (Davis and Carter 1996) . The bird recovered at the edge of a marsh just inland from the coast of Massachusetts in September 1982 was molting and flightless (Table 2) , which suggests arrival in eastern North America at least 1-2 weeks earlier, before its wing molt rendered it flightless (see Carter and Stein 1995) .
Complicating our attempts to identify other possible re-sightings, however, is the clustering of many inland records in time and space. During intense El Niño conditions in July and August 1983, for example, three birds were found dead at Mono Lake, California, and one at Railroad Lake, Alaska (Sealy et al. 1991) . In March-December 1994 and July-November 1996, 10 and 5 records, respectively, were scattered across North America from the west coast to Florida (Mlodinow 1997) . In any case, the short length of stay recorded for most individuals and the low number later found dead suggest that a high proportion moved on after they were first observed.
Foraging on fresh water and prey consumed
Fish of freshwater origin removed from stomachs and observations of ingestion of fish confirmed feeding by Long-billed Murrelets at inland bodies of water (Table 3) . Both of the individuals shot by hunters had consumed multiple individuals of at least two genera of Lac des deux montagnes with considerable subcutaneous fat 779); see Table 3 [Lake of Two Mountains];
(3 on a scale of 0-4)" lake California (Table 3) , which could have been taken where the birds were shot (southern Quebec (Sealy et al. 1982 ) and northern Indiana (Mumford 1982) ) or from previous foraging sites (Table 3 ). The two fish species identified-Emerald Shiner (Notropis atherinoides) and Gizzard Shad (Dorosoma cepedianum) -are common and widely distributed in freshwater habitats in central and southeastern North America (Scott and Crossman 1973) . Long-billed Murrelets surfacing with fish on the Moses Saunders Power Dam, St. Lawrence River (Di Labio 1996) , and a reservoir in Ohio (Fazio and Webb 1997) , in addition to prey identified above, lend credence to equating "repeated dives," described by several observers, to foraging dives (Table 3 ). The condition of the Long-billed Murrelet observed foraging at sea off Florida (Muschlitz 1995) apparently was adequate for survival after crossing an ocean and a continent, possibly facilitated by successive stopovers, regardless of the direction travelled from eastern Russia.
Discussion
Long-billed Murrelets travelled at least 4700 km from the nearest breeding area in Karaginsky Gulf (northeast Kamchatka) to Cape Flattery, Washington, and some individuals survived long enough to continue southeast across North America, reaching Florida, which would be another 4600 km (to Miami). Travel across North America along a roughly northwest to southeast pathway from Washington to Florida was probably facilitated by a continuation of the winds and storms that initially carried individuals from eastern Russia to the west coast of North America (from Washington to northern California), followed by successive stopovers once in North America (Sealy et al. 1991) .
Length of stopover likely depended on the degree of emaciation, availability of prey at the site, and presence of predators, as various lengths of stay were reported. However, three of four individuals salvaged in Florida were underweight (Table 2) and, no doubt, in poor condition when recovered, regardless of whether they had fed along the way. Survival appeared greater for individuals found farther north along the east coast, from Virginia to Newfoundland and Labrador, in the cooler waters of the southern Labrador Current. These individuals may have altered course along the Washington -Florida pathway, possibly assisted by changes in wind direction or other conditions in certain years, and more easily found prey along the way.
We assumed that vagrants did not come to North America directly from Europe, although Maumary and Knaus (2000) hypothesized a direct route from Asia to Europe to explain the occurrence of a Long-billed Murrelet in Switzerland. We would have expected many more Long-billed Murrelets to have been reported inland in Europe or on the coast, and along the east coast of North America, if the direction of travel had been westward from eastern Russia, across Europe, and across the Atlantic Ocean. Some vagrant Long-billed Murrelets certainly survive for weeks during long-distance travel, even though survival of vagrants for more than a few days has traditionally been assumed to be low or zero (but see DeSante 1973; Newton 2008) . Long-billed Murrelets may have stopped to feed along the west coast of the United States, whether they arrived directly from eastern Russia or returned from inland sites, and they may have survived for some time before and/or after being observed, as has been recorded for some other vagrant alcids (Sealy and Carter 2012) . Once they replenished their reserves, some individuals on the west coast may have flown inland, continuing in the same (wrong) direction, that is, away from eastern Russia; some may have returned to eastern Russia. "Refuelled" individuals may have survived better inland or developed sufficient stores to attempt to return to Russia and possibly re-join Russian populations. On the other hand, those found dead or in poor condition inland may have flown non-stop from Asia and possibly landed because they were near death.
By highlighting these survival scenarios for the Long-billed Murrelet, we emphasize potential difficulties with interpreting our data, despite the relatively high number of occurrences of this species across North America. We could not directly determine routes used by individuals before or after being recorded in North America, but many individuals on the west coast apparently survived after observation, because only one dead Long-billed Murrelet was salvaged there (Table  2 ). In the absence of apparent direct lines of travel, determining exact routes and time required for individuals to fly from place to place will require use of satellite radios or GPS systems (e.g., Jouventin and Weimerskirch 1990; Landers et al. 2011) . General routes and patterns of movements across North America, however, can be surmised by examining samples of records of vagrants (Sealy et al. 1991; Sealy and Carter 2012) .
The proportion of individuals in a population that become vagrants (see Fraser 1997) , and whether all die or some establish new populations or even return to their original breeding populations, is a gap in our understanding of mortality and population changes in species. For the Long-billed Murrelet, the relatively high degree of long-distance vagrancy in North America, exhibited only since 1979, is remarkable in comparison with other alcids and likely reflects changes in weather patterns that assist movements across the North Pacific Ocean, as well as changes in breeding habitats and populations in eastern Russia (see Carter et al. 2011) . In addition, the ability of vagrant Longbilled Murrelets to survive for long periods enhances the chances of discovering vagrants in North America and increases the likelihood of moving long distances across the continent. Although this species is one of the rarest alcids, we do not consider the actual numbers of vagrant individuals recorded, even if we assume that all perish, to have a significant impact on the breeding population. We also do not know, however, how many individuals become vagrants but are not recorded.
A high level of vagrancy may reflect undetected population-level impacts being experienced in eastern Russia due to natural and anthropogenic factors, such as climate change, changes in prey and distribution of predators, and loss of coastal old-growth forests (Nelson et al. 2002) . Ranges may change because pioneering individuals that were originally vagrants survive and breed successfully in new areas. Perhaps Long-billed Murrelets will breed in North America some day or possibly a few already have, without our knowledge, along the west coast where most birds have been observed and prey and forest habitat are similar to those of eastern Russia.
